Abstract: Japanese quail is very popular research animal model. Its continued characterization for various norms is highly desirable for obtaining accurate and reliable results. This study was designed to assess various physiological parameters which are associated with body growth and development. Among various physiological parameters, blood constituents and hormones are commonly used as diagnostic tools in both physiological and pathological evaluations of humans and animals. Japanese quail hatchlings were housed in the temperature controlled brooders up to 3 weeks of age and then shifted to hanging cages in air conditioned room at ~74 F under 14L:10D lighting system and free access to feed and fresh water. Starting d8, a group of birds of uniform size and weight were selected randomly and euthanized at 4-day intervals up to d52 of age. The birds were weighed and blood sampled from the brachial vein for measuring Blood Glucose (BGL), Total Plasma Proteins (PP) and Packed Cell Volume (PCV). It was found that starting d36 all the three physiological parameters altered with approaching sexual maturity (d48-52): BGL decreased (252 vrs.182 mg/dl, p<0.05), PCV% increased (43.6 vrs. 49.6%, p<0.05) and PP also increased (2.7 vrs. 3.2 gm/dl, p >0.05). Accordingly, BGL, PCV and PP values demonstrated significant potential to predict approaching sexual maturity in male Japanese quail.
INTRODUCTION
Various anatomical and physiological parameters are regularly being used in clinical evaluations from birth to adult age. Additional indicators are being identified for assessing dynamics of growth and associated physiological functions for normal and anomalous developments in birds (Druyan et al., 2009) . Alteration in physical development, retarded growth rate, rapid growth periods, nutrition-related deformities, causes of poor weight gain, onset of puberty and other age-related variations and disruptions are important phases t o identify progression towards adulthood and adult life (Spencer et al., 1968; Arora, 2010) . Growth rate, a key morphological characteristic, is correlated with robustness in birds, therefore, ascertaining growth rate and developmental stages could provide valuable information on their physiology and behavior (GebhardtHenrich et al., 1998; Starck and Ricklefs, 1998) . Changes in physiological parameters could become very important markers in identifying growth patterns thereby can be very useful tools for predicting both physiological and pathological consequences (Tilgar et al., 2008) . Models for growth rate evaluations developed in two strains of chicken (Gavin et al., 1998) and Gull-
MARTERIALS AND METHODS
billed Tern chicks (Albano et al., 2011) , were very useful For assessing growth and physiological norms, male tools for comparative growth studies. Anatomy and Japanese quails from d8 to d52 were used. A breeding physiology are intertwined and various physiological colony of Japanese quail having an overall fertility of characteristics, undoubtedly, reflect on the capability and~90% provided the material. The parent birds, ~70 days performance of anatomical structures in health and in disease such as the function of plasma proteins (PP), the building blocks of body tissues, in production of hormones and antibodies, carriers of numerous blood constituents, maintenance of osmotic pressure, controlling acid-base balance of the blood and production of series of enzymes associated with performance and maintenance of body activities (Harper et al., 1993; Druyan et al., 2007; Kiani et al., 2011) . Furthermore, PCV has a vital role in blood viscosity and transportation of oxygen to the tissues and that of blood glucose in the production and regulation of energy in the tissues. Therefore, further delineation of growth and physiological norms would add valuable diagnostic tools for use in the Japanese quail for studying growth, physiology, reproduction, nutrition, pathology and toxicological studies. This study had two objectives: 1.To characterize relationships between growth dynamics and physiological values and 2. To assess interrelationship among various physiological values and their use as predictors of approaching sexual maturity in male Japanese quail.
of age, were housed in suspended cages, one male was determined with glucometer (Elite XL) while and three females to a cage, in a temperature controlled collecting blood. This procedure continued at 4-day room at ~73°F under 14L:10D lighting system with a free intervals until the birds reached d52. The data collected access to feed and water. The eggs were collected on t he growth of body mass (weight) and blood between 3:00 to 6:00 PM daily and refrigerated overnight.
constituents were analyzed for comparison between 4-Before transferring eggs into the incubator on the day age intervals with descriptive and MANOVA analyses following day, the eggs were allowed to sit at room using SPSS version 19.0 and MS Office Excel 2007 temperature for about 3 h. The eggs were incubated in statistical tools. The data is presented as means ± auto-turner incubator at a temperature of ~99.5°F and standard deviation (and minimum-maximum ranges) at 65-70% relative humidity. The eggs were hatched in a significance level of 0.05 and higher. four sequential hatches for obtaining sufficient males for this study. All hatches were handled in an identical fashion. After hatching, the hatchlings were weighed and transferred to temperature controlled brooders for 21 days under a continuous light with free access to feed and water (Arora, 1979) . The baby chicks were identified with small pieces of numbered adhesive tape applied on the underside of the right wing and finally tagged with metal wing bands on d8. Starting d8, a group of birds of uniform size and weight were euthanized at 4-day intervals up to d52. The gender of the birds was determined at necropsy because of the fact that the baby chicks do not exhibit plumage-based sexual dimorphism until around d20. The birds were weighed to the nearest 0.1 g and approximately 0.2 mL of blood was collected from the brachial vein using a lancet into EDTA-coated vials for determining Packed Cell Volume (PCV), Blood Glucose Level (BGL) and Total Plasma Proteins (PP). PCV was determined with microhematocrit tubes at 12,000 RPM for five minutes (UNICCO C-MH30) and total plasma proteins using clinical refractometer (T2-Ne Atago Co). Blood glucose
RESULTS AND DISCUSSION
Growth of body weight: An overall growth of body weight (BW) in the male Japanese quails from d8 to d52 is presented in Fig. 1 and Fig. 2 . The growth was almost linear from d12 to d32, leveled off at d36 and then grew more rapidly from d40 onwards to maturity. In terms of Similarly, body weight percent deviation from the baseline (d8) as well as from the prior timelines showed very close association with age (r = 0.973 and r = -0.837, respectively; p<0.05). Percentage deviations in relation to prior values were considerably larger up to d20 and leveled off at d36-40. Two sizeable body growth spikes were observed during d24-28 and d36-40 age intervals with a mean growth of 75.65 and 88.75 gm and deviation of 12.5% and 10.8%, respectively (Fig. 3) . As regards to body growth, Leptin, a polypeptide hormone encoded by the obese gene and secreted by adipose tissue, is known to enhance body mass, onset o f puberty and sexual maturation by regulating feed in-take and utilization of nutrients (Kiess and Reich, 1999; Lamosova et al., 2003) .
Physiological parameters Packed cell volume:
The PCV values during d8 to d52 of age are depicted in Fig. 4 . PCV values between d8 to d16 were 38.4±0.6%, somewhat lower between d20 and d32 (38.1±0.4%; p>0.05). PCV increased steadily from d36 (40.0±03%) onwards reaching a peak level on d52 (48.5±1.2%; p<0.05). At this age, the males are expected to be at a stage of spermatogenesis and secretion of testosterone hormone (Huss et al., 2008) . Overall, there was an increase of 23.2% and 26.7% of PCV values at d44 and d52, respectively, as compared to baseline values at d8. Furthermore, at this age, PCV exhibited highly significant correlation with age (r = 0.810; p<0.01). Atwal et al. (1964) reported a continued rise in PCV with age until maturity; the values were: 34±1.10% on d8, 36±0.35% on d22 and 46±0.86% on d36. From d36, there was a rapid increase in PCV reaching 42 to 46% at d50 and was closely associated with rapid body growth, on-set of sexual maturity and increase in plasma proteins values. The authors also reported some drop in hemoglobin values between d10 and d20, which was quite similar to the drop in PCV observed in our study. This was probably due to various physiological adjustments taking place at this age including rapid formation of feathers. Nirmalan and Robinson (1972) reported PCV values as 41.1±0.1% in 2-week old Japanese quail chick and as 53.1±0.8% in 10-week adult males. These values were somewhat higher than our observations. The authors suggested that increase in PCV resulted from enhanced erythropoises in the bone m arrow, however, the role of testosterone i n stimulating erythropoises is well established (Mirand et al., 1965) . Total plasma proteins: Plasma proteins, the building blocks of body, steadily increased from d8 to d52. Following d12 (2.5 gm/dL), the plasma proteins increased steadily to d36 (2.7 gm/dL). However, after d36 the plasma proteins rose sharply to 3.2 gm/dL reflecting an increase of 12%, 20% and 28% at d40, d44 and d52, respectively, as compared to d8 level. Atwal et al. (1964) reported PP values as 2.9 gm/dL in d2 male baby Japanese quail, 3.1 gm at d26 and 3.8 in the adult males at d50, whereas, Nirmalan and Robinson (1972) reported plasma proteins values as 2.7±0.11 gm/dL in 2-week old male Japanese quail chicks and 3.1±0.1 gm/dL in 10-week adult males. This increase in plasma proteins was attributed to its increased production in the liver (Brandt et al., 1951) for utilization in the formation of reproductive organs and other tissues.
Blood glucose level:
Blood Glucose (BGL) values observed during the growth periods of the male Japanese quail are given in Fig. 2 and Fig. 6 . BG level was somewhat stable up to d40 except a little dip at d16. Following d40, BGL declined sharply by d52 (33.8% as compared to d8 values), the time period of rapid growth and approaching sexual maturity (Fig. 6 ). BGL has very important role to play in the regulation of glucose in the tissues and production of energy for use in the metabolic processes (Kiani et al., 2011) . Timeline BGL values showed significant association with their percentage deviations from the baseline values at d8 (r = 0.912 at p<0.01). Downward slope of BGL from d40 to d52 reflected a negative relationship with age approaching sexual maturity and this can be expressed 
Relationship between body mass and physiological parameters:
This study demonstrated very important relationships between increase in body mass and some associated physiological parameters in the male Japanese quail. The growth of body weight was almost linear from d12 and d32. Three physiological parameters assessed simultaneously with growth of the bird were: PP, PCV and BGL. These physiological parameters increased steadily with mass up to d36. Thereafter, the PCV and plasma proteins levels increased significantly, whereas, the blood sugar level dropped sharply nearing sexual maturity. At this stage, BGL had negative relationship with body weight (r = -0.636), with plasma proteins (r = -0.827) and with PCV (r = -0.838; p<0.01). As the PCV values increased, the BGL level dropped with approaching sexual maturity.
The PCV values were highly correlated with age (r = 0.810). and with plasma protein (r = 0.701; p<0.01). Plasma proteins exhibited significant positive relationship with body weight (r = 0.736; p<0.05). Similar strong associations among the physiological parameters have been reported in growing chicken and pigeons (Gavin et al., 1998; Gayathri et al., 2004) and between developmental and biochemical indices i n reptiles and mammals (Roark et al., 2009; Mohri et al., 2007) . Gain in body weight was considerably slow after the onset of maturity and no further growth spikes were identified. Similar observations in Athens-Canadian random bred chickens were reported by Barbalo (1992) . In conclusion, there was an increase in plasma proteins and PCV with increase of body weight with age and rapid decline in blood sugar level nearing sexual maturity. The increase of plasma proteins could be attributed t o increased production from liver due to increasing body mass and metabolic activities during sexual maturation (Harper et al., 1993; Druyan et al., 2007; Kiani et al., 2011) . An increase of PCV probably followed enhanced erythropoiesis due to higher growth rate, metabolic activities and production of gonadotropins, sex and metabolic hormones. On the other hand, the decline in blood sugar level could be ascribed to changes i n carbohydrate metabolism induced by metabolic hormones closely involved in glucose production, storage and metabolism. Furthermore, the increased production of Leptin hormone may play an important role in growth, on-set of puberty and sexual maturation. It is clear from the data that, in addition to age (45-50 days) and body weight (98-105 grams), all the three physiological parameters assessed in this study could be used as single or in combination as predictors of approaching sexual maturity in male Japanese quail.
